Over the last few decades botanic gardens worldwide have been encouraged to adopt complementary measures for the conservation of plant species from their own regions, combining in situ conservation efforts with ex situ methods, both in cultivation and in storage. This integrated approach is particularly important for botanic gardens in the tropics, which face the challenge of conserving a highly diverse and often threatened flora. We gathered information on the occurrence of threatened species in the natural vegetation reserves of  Brazilian botanic gardens. The data were collected from herbarium records in the database of the National Centre for Flora Conservation, and from the available plant inventories of these reserves. The results indicate that  species from the List of Threatened Species of Brazilian Flora are recorded as having been collected in the reserves. Of these,  species were maintained in the living collections of  botanic gardens and  species were recorded in federally protected areas. The occurrence of threatened species in the reserves of botanic gardens highlights the scientific value of these areas, as well as their biological, social and cultural importance for conservation. The results may be used to inform the planning of integrated conservation strategies for threatened species.
Introduction
C hanges in the understanding of plant conservation have been influenced by the development of interrelationships between conservation and sustainable use, the adoption of the concept of biodiversity, and advances in conservation biology (Heywood & Iriondo, ) . The Convention on Biological Diversity has given rise to many national and international commitments, which have stimulated the adoption of new approaches in response to increasing environmental threats.
Some countries have developed national targets and programmes to address the objectives of the Global Strategy for Plant Conservation (adopted by the Convention on Biological Diversity in , and updated in  for -) but although significant advances have been made worldwide, efforts need to be intensified if the targets are to be achieved (Wyse Jackson & Kennedy, ) . As scientific institutions, botanic gardens have a unique opportunity to contribute to the Global Strategy for Plant Conservation, through their work on the documentation, research and preservation of plant diversity, while simultaneously undertaking educational activities to mobilize public responses to global environmental change (Blackmore et al., ) . These institutions have diverse facilities and staff to conduct research in plant taxonomy, horticulture, conservation biology, ecological restoration and genetics. The establishment of partnerships with other institutions at local, national and international levels facilitates and supports broader involvement in other areas of science.
The update of the Global Strategy for Plant Conservation brought new challenges, especially for countries with high biodiversity, and drew attention to the importance of plant diversity for human well-being and in addressing poverty (SCBD, ). As a consequence, increased engagement of botanic gardens in the conservation and sustainable use of biodiversity is needed. Linking plant conservation with sustainable use of plants and their natural habitats by local communities has therefore been increasingly recognized as an important priority. Tropical botanic gardens have been encouraged to invest expertise in implementing in situ conservation management programmes, including monitoring, restoration, education and policy involvement (Chen et al., ; Crane et al., ) .
Brazilian botanic gardens face specific challenges, considering that there are . , known plant species in Brazil, including a high number of endemic species (Zappi et al., ) . This diversity has been affected by urbanization and agricultural expansion, which are both considered to be major causes of habitat destruction and species extinction in Brazil (Brandon et al., ) . The List of Threatened Species of Brazilian Flora (hereafter referred to as the national Red List; Ministério do Meio Ambiente, ) includes , species, categorized according to the IUCN criteria (IUCN, ). The national Red List is based on the assessment of , plant species, representing only c. % of the known Brazilian flora. As the assessment process continues it is likely that the number of species listed as threatened will increase significantly. Regional lists of threatened species have been developed for only seven of Brazil's  states: Santa Catarina (Klein, ) , Paraná (Hatschbach & Ziller, ) , Minas Gerais (COPAM, ), Rio Grande do Sul (Rio Grande do Sul, ), Pará (COEMA, ), São Paulo (São Paulo, ) and Espírito Santo (Espírito Santo, ) .
A great asset of botanic gardens in Brazil is their maintenance of areas of natural vegetation, which potentially facilitate the implementation of activities focused on in situ conservation. We gathered information about the reserves of Brazil's botanic gardens and assessed the occurrence of threatened species in these areas. The results may form the basis of in situ conservation guidelines for botanic gardens in Brazil, building on recommendations included in the Action Plan for Brazilian botanic gardens (Pereira et al., ) .
Methods
A questionnaire was submitted to  botanic gardens (RBJB, ) in -, to gather information regarding the maintenance of areas of natural vegetation within or associated with each botanic garden, hereafter referred to as reserves. The botanic gardens were asked to provide information on the size of the reserve, the biome, the dominant vegetation types, and whether plant inventories of the areas had been undertaken.
Data on threatened species in each reserve were assembled from the database of the National Centre for Flora Conservation (CNCFlora, ). This system compiles herbarium records from SpeciesLink () and the Global Biodiversity Information Facility (GBIF, ), comprising . , species from national, state and international red lists. All the records have been confirmed by taxonomists and the database contains the accepted species names and valid synonyms in accordance with the list of Brazilian Flora (Lista da Flora do Brasil, ) .
The assessment of threatened species from the national Red List and seven state lists recorded in the botanic garden reserves was performed by applying a filter in the database, using the state, municipality, locality, name and acronym of reserves as keywords. Any existing plant inventories from these reserves were also reviewed, comparing species listed in the inventories with the threatened species recorded in the CNCFlora database. All the data assessed were recorded in a database.
An additional survey of the ex situ collections of the botanic gardens was undertaken. Gardens were asked which threatened species from the national Red List were maintained in their ex situ collections. The data were consolidated and compared with the list of species recorded in the botanic garden reserves.
Results
Of the  botanic gardens that responded to the questionnaire,  indicated that they maintained a reserve within or beyond their boundaries (Fig. ) . This included those where the management of protected areas is undertaken in association with other institutions. Data on the area of the reserves, and their vegetation types and biomes are presented in Table  .
The majority of botanic gardens mentioned that surveys on the floristic composition of reserves under their management had been undertaken. Some have not been published; others have been reported in theses ( . Some studies were conducted as part of university research programmes and , % were carried out by the staff of the botanic gardens.
One hundred and forty eight of the threatened species that have been collected in these reserves are on the national Red List, representing % of the entire list ( Supplementary  Table S ). These species represent  families and  genera. Species of Orchidaceae (), Bromeliaceae () and Myrtaceae () were the most frequently recorded. The records of these  species were distributed amongst  reserves, the majority () of which are located in the Atlantic Forest region, with three in the Cerrado and one in the Amazon ( Table ) . The majority of species (n = , %) were recorded in only a single reserve, with a smaller percentage collected in two (n = , %), three (n = , %) or five reserves (n = , %; Supplementary Table S) .
Of the  threatened species,  (%) are categorized as Critically Endangered,  (%) are Endangered and  (%) are Vulnerable. Many are endemic to the Atlantic Forest (n = , %) or to a particular state (n = , %), mainly states in the south-east. The state of Espírito Santo has the largest number of endemic and threatened species () recorded in botanic garden reserves, followed by São Paulo ().
Of the  threatened species recorded in the reserves,  were also cultivated in living collections of  botanic gardens ( Supplementary Table S ). This group includes one species categorized as Critically Endangered,  Endangered and  Vulnerable species. The most frequently recorded families amongst these living plant records were Orchidaceae ( species) and Bromeliaceae ( species). Twenty-three species (%) were recorded in a single living collection and also in a single reserve. Euterpe edulis accounted for the largest number of records in both the living collections () and the reserves ().
A comparison of data from this study with data on the occurrence of threatened species in federally protected areas (CNCFlora, ) showed that of the  species  have been recorded simultaneously in the living collections, the reserves and federally protected areas. The number of species recorded exclusively in the reserves of botanic gardens was  ( Supplementary Table S ).
The number of threatened species from the seven state Red Lists recorded in the botanic garden reserves was . This number does not take into account species on the national Red List. These  species represent  families and  genera. Orchidaceae (), Bromeliaceae () and Myrtaceae () were the most frequently recorded families. The records of these species are from  reserves,  of which are located in states with Red Lists ( Table ) . Most of the  species (n = , %) have been recorded in only a single reserve.
Discussion
The data presented here were derived largely from online herbarium records and to a lesser extent from floristic inventories of the reserves. However, some of these inventories are limited in scope. Only a few studies have focused on entire reserves (e.g. the inventory of Parque Estadual Fontes do Ipiranga, published in the journal Hoehnea during -); others are incomplete or limited to particular taxonomic groups (Nóbrega & Prado, ) . Some inventories were undertaken as part of university studies, illustrating the importance of partnerships to overcome the shortage of human resources and expertise in some Brazilian botanic gardens.
Many of the inventory data reviewed are not available digitally. There is an urgent need to record and integrate data on the occurrence of plants in living collections, herbaria and reserves, using geographical information systems. Botanic gardens play an important role in the dissemination of such data, which are fundamental to comprehensive studies of species distribution and for identification of important areas for conservation.
The reserve located in the Amazon biome contrasts in size and number of species with those in the Atlantic Forest. Compared to other biomes the Amazon has the largest protected areas and the largest percentage of protected area in the country (IBGE, a). Most of the % of Atlantic Forest remaining exists in small fragments and there is therefore a high degree of fragmentation (Ribeiro et al., ) . The majority (%) of botanic garden reserves located in this biome occupy ,  ha. However, small (2) *Reserve located outside the boundary of the botanic garden nature reserves can play an important role in landscape connectivity and biodiversity conservation in areas subjected to anthropogenic pressure. The largest number of threatened species, whether at the national or state level, were recorded in reserves in the Atlantic Forest. This biome has . , recorded species of Angiosperms, with .% endemism (BFG, ), and the largest number of threatened species of any Brazilian biome (Ministério do Meio Ambiente, ). The large number of species assessed in the Atlantic Forest is attributable to the high concentration of research institutions, taxonomists and online herbarium collections in the south-east (Martinelli et al., ) ; for example, the Estação Biológica de Santa Lúcia, located in an area of Atlantic Forest in Espírito Santo state, has the largest number of records of threatened species ( from the national Red List and  from state lists). This area is known for its high level of biodiversity, and there has been intensive collection of plant records there (Thomaz & Monteiro, ; Mendes & Padovan, ; Murray-Smith et al., ; Saiter et al., ) .
The records of threatened and endemic species in the reserves studied highlight the scientific value of these areas, as well as their biological, social and cultural importance for conservation. Additionally, they provide an opportunity for botanic gardens to implement conservation strategies that focus on the local threatened flora (BGCI, ). This should be a strategic goal for all of these botanic gardens.
However, the presence of a species in a protected area does not guarantee its conservation (Heywood & Iriondo, ) . Research on population dynamics, phenology and regeneration is required to understand the local behaviour and population biology of threatened species and to inform proposals of suitable management measures. Procedures to address threats to the environment and to evaluate the effectiveness of conservation management regimes are also recognized as being important (Willis & Morkel, ; Havens et al., ) . Furthermore, it will be necessary to assess potential impacts of climate change on threatened species in reserves. It is unclear whether many threatened plant species will have the resilience or adaptive potential to survive future changes in environmental conditions, especially given the diminishing possibility of natural migration to more favourable areas as protected areas become increasingly isolated. Another area for potential research is the genetic variation within plant populations. Currently we do not know the extent to which the genetic diversity of most threatened plant species is contained within the surviving populations in protected areas, or in their living collections, and research on this aspect of their conservation biology could help determine future management practices and procedures. This knowledge is essential for setting out effective conservation actions suitable for each species.
The botanic gardens of Brazil are faced with the challenge of broadening their remit beyond their traditional role in ex situ conservation, to more effectively conserve a diverse and often threatened flora. Their importance is evident from the diversity of their holdings of threatened species. Botanic gardens can enhance their in situ conservation actions by increasing the number and size of reserves they manage as well as by carrying out studies on ecological restoration and species reintroduction. Restoration ecology has not yet become a common practice among Brazilian botanic gardens, although some initiatives have been undertaken, such as the planting of  native species in an area of degraded riparian Atlantic Forest in the Jardim Botânico do Rio de Janeiro (T.S. Pereira, pers. comm., ) and enrichment planting of Euterpe edulis in Parque Estadual das Fontes do Ipiranga (Aguiar et al., ) .
Through their maintenance of areas of natural vegetation, botanic gardens are well-placed to adopt complementary measures for both in situ and ex situ conservation of plant species. The reserves can provide plant material for studies on germination, storage, cultivation and propagation, and also to improve the genetic diversity of collections. Ex situ collections must be managed to the highest standards, to provide resources to support species recovery in the wild (Maunder et al., ; Rae, ) . The data presented here may assist the establishment of a collection plan for material for these purposes. However, further surveys on the floristic composition of these areas are required if their potential to support exemplary botanic garden research programmes is to be achieved. Strategic partnerships with in situ conservation and research organizations can be of significant help in promoting the conservation work of botanic gardens.
Priorities for species conservation may be determined by considering criteria such as extinction threat, endemism, and presence or absence in ex situ collections and protected areas. We showed that  threatened species were recorded exclusively in botanic garden reserves, with no records in any living collections or other protected areas. Among them are  Critically Endangered species,  of which are endemic to a single state. We consider that these species should receive priority attention, especially from the botanic gardens in the regions in which they occur.
Species of economic importance, such as Euterpe edulis (palmito), Cedrela fissilis (cedro rosa) and Caesalpinia echinata (pau brasil), which occur frequently in collections, reserves of botanic gardens, and protected areas, nevertheless play important roles as flagship species. They can help to drive conservation efforts for other threatened plants. Species of Bromeliaceae and Orchidaceae that are known for their ornamental value and commercial use could be used to stimulate the development of integrated national or regional plans (incorporating measures to coordinate actions, define responsibilities, identify centres of expertise, optimize financial resources, avoid duplicating efforts and improve effectiveness of conservation measures).
The majority of the reserves managed by the botanic gardens of Brazil encompass remnants of natural or seminatural vegetation in urban centres. Considering ongoing urbanization, such areas are of increasing importance as biodiversity reserves, refuges for species of local fauna and flora, and providers of ecosystem services (Alvey, ; Jim & Chen, ; Ward et al., ) . Urban green spaces are also important socially and culturally (Oldfield, ) . Small urban forest reserves, such as those maintained by botanic gardens, have a crucial role in spreading conservation messages, which could help to mitigate human pressure on natural areas (Pinheiro et al., ) . Some botanic gardens are popular tourist attractions (e.g. Jardim Botânico do Rio de Janeiro receives c.  million visitors annually; JBRJ, ). The social benefits from natural areas associated with botanic gardens may be enhanced by the associated capacity, resources and experience of the botanic gardens. These reserves should be included in visitation routes, with guided tours, nature trails and appropriate interpretation. Botanic gardens can thus offer visitors a unique experience and increase the audience for conservation messages.
Although this study does not represent a complete inventory of the reserves maintained by Brazil's botanic gardens, it nevertheless provides the first compilation of information on the presence of threatened plant species in these areas, demonstrating their value and significance. The consolidated data will be made available for inclusion in accessible integrated information systems in Brazil, such as that of CNCFlora () and botanical garden databases, and will be used to inform and guide conservation actions and future recovery work for threatened plant species.
